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ABSTRACT 
The European Commission (EC) requested that the EFSA Panel on Animal Health and Welfare (AHAW Panel) 
delivers  a  scientific  opinion  on  a  study  that  proposes  parameters  for  poultry  electrical  waterbath  stunning 
different to those laid down in Council Regulation (EC) No 1099/2009 on the protection of animals at the time 
of killing. The submitted study reports upon the use (mean + SD) of a current of 104.00 ± 3.88 mA, a voltage of 
125.86 ± 3.28 V and a frequency of 589.78 ± 0.63 Hz using a square wave in alternating current (AC) with a 
50 % duty cycle. These conditions were applied for 15 seconds to chickens under laboratory and slaughterhouse 
conditions. The submitted study was peer-reviewed by the AHAW Panel in the manner detailed in its ‘Guidance 
on the assessment criteria for studies evaluating the effectiveness of stunning intervention regarding animal 
protection at the time of killing’. The methodology and the data reported do not provide conclusive evidence that 
the combination of the proposed electrical frequency and current induced unconsciousness without exposing the 
chickens to avoidable pain and suffering. Further, some chickens did not remain unconscious for a sufficient 
time to prevent avoidable pain and suffering during slaughter. Because the information provided in the study was 
incomplete and insufficient, it did not pass the eligibility phase of the assessment. In the context of Directive 
2010/63/EU  on  the  protection  of  animals  used  for  scientific  purposes,  and  current  scientific  evidence,  a 
frequency of  600 Hz  with a current of 104 mA does not result in efficient stunning  of poultry. Therefore, 
additional research into these stunning parameters is not recommended. 
© European Food Safety Authority, 2014 
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SUMMARY 
Following a request from the European Commission, the EFSA Panel on Animal Health and Welfare 
(AHAW) was asked to deliver a scientific opinion on electrical requirements for waterbath stunning 
equipment. The AHAW Panel addressed the terms of reference (ToRs) as provided by the European 
Commission, based upon information received from a third country. The Commission requested the 
EFSA  to  review  the  scientific  publication  provided  and  to  assess  to  what  extent  the  electrical 
parameters  proposed  for  stunning  poultry  are  able  to  provide  a  level  of  animal  welfare  at  least 
equivalent to that ensured by the currently allowed methods and, in case of favourable reply, under 
what conditions. 
Following review of the provided information and evaluating the stunning procedure applied and its 
welfare outcome (ToR1) it was concluded that the submitted study does not provide enough scientific 
information upon which to base an assessment of the scientific approach and parameters suggested. 
Consequently, a full assessment of the animal welfare implications of the proposed stunning procedure 
was  not  undertaken  (ToR2)  and  a  revision  of  the  electrical  requirements  for  waterbath  stunning 
equipment laid down in Table 2 of Chapter II of Annex I to Council Regulation (EC) No 1099/2009 is 
not recommended (ToR3). 
Nonetheless, the information provided was sufficient to conclude that the birds were not rendered 
immediately unconscious by the intervention. Application of a current less than that required to induce 
immediate  unconsciousness  causes  pain,  distress  and  suffering.  The  study  failed  to  demonstrate 
absence  of  pain  and  suffering  until  onset  of  unconsciousness.  The  minimum  duration  of 
unconsciousness was too short to ensure unconsciousness until death by bleeding.  
In multiple birds waterbath stunning situations, such as the one assessed here, the electrical resistance 
varies widely between birds making it impossible to deliver the same constant and predetermined 
current to each individual bird. The complexity of such multiple bird electrical waterbath stunning 
systems used in poultry slaughterhouses is not conducive to maintaining good animal welfare and, 
therefore, alternatives should be developed/implemented. 
Studies such as the one assessed here should consider the internationally accepted basic principle 
referred to as the 3 Rs (replacement, reduction and refinement, according to Directive 2010/63/EU), 
which recommend approaches to minimize the use of animals for experimental purposes in line with 
the European Regulation on protection of animals used for scientific purposes. Electrical poultry waterbath stunning parameters   
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 
Table 2 of Chapter II of Annex I to Council Regulation (EC) No 1099/2009
4 on the protection of 
animals at the time of killing sets out the average values pe r animal of electrical requirement which 
must be used when stunning chickens, turkeys, ducks,  geese and quails using waterbath stunning 
equipment. 
These requirements are based on two previous EFSA opinions on the subje ct adopted respectively in 
2004 and 2006 (EFSA, 2004, 2006). In the meantime the EFSA issued another opinion on the issue in 
2012 (EFSA AHAW Panel, 2012). 
Article 2 (f) of  Council  Regulation (EC) No 1099/2009
4  defines  ‘stunning’  as  ‘any  intentionally 
induced process which causes loss of consciousness and sensibility without pain including any process 
resulting in instantaneous death’. Furthermore, Article 4 states that ‘The loss of consciousness and 
sensibility should be maintained until the death of the animal’.  
Article 4 (2) of the same Regulation
4 allows the Commission to amend its Annex I so as to take into 
account  scientific  and  technical  progress  on  the  basis  of  an  opinion  of  the  EFSA.  Any  such 
amendments shall ensure a level of animal welfare at least equivalent to that ensured by the existing 
methods. 
The Commission has received information from a third country which may justify amending these 
parameters (submitted study). 
In  order  to reply  to this  request, the  Commission would  like  to request  the  EFSA  to  review  the 
scientific  publication  provided  and  assess  to  which  extent  the  electrical  parameters  proposed  for 
stunning poultry are able to provide a level of animal welfare at least equivalent to that ensured by the 
currently allowed methods and, in case of favourable reply, under which conditions. 
 
TERMS OF REFERENCE AS PROVIDED BY EUROPEAN COMMISSION 
The Commission therefore considers it opportune to request the EFSA to give an independent view on 
the electrical requirements for stunning equipment applicable for poultry. 
 
  Review if the study provides sufficient scientific details as to evaluate the stunning procedure 
applied and its welfare outcome; 
  In  case  of  favourable  reply,  carry  out  a  full  welfare  assessment  of  the  animal  welfare 
implications of the proposed stunning procedure, taking into account other relevant scientific 
references; 
  Recommend, if necessary, a revision of the electrical requirements applicable for waterbath 
stunning equipment laid down in Table 2 of Chapter II of Annex I to Council Regulation (EC) 
No 1099/2009
4. 
                                                       
4 Council Regulation (EC) No 1099/2009 of 24 September 2009 on the protection of animals at the time of killing. OJ L 303, 
18.11.2009, p. 1-30. Electrical poultry waterbath stunning parameters   
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ASSESSMENT 
1.  Introduction 
Electrical waterbath stunning is permitted for use in poultry when the technical criteria described in 
Annex  I  of  Council  Regulation  (EC)  No  1099/2009
4  are  fulfilled.  The  legislative  requirements 
prescribe that the brain should be exposed to a current generating generalised epileptiform activity in 
the EEG and possibly fibrillation or stopping of the heart. For stunning interventions that do not 
induce  immediate  unconsciousness,  the  alternative  procedure  should  ensure  1)  absence  of  pain, 
distress and suffering until the onset of unconsciousness, and 2) that the animal remains unconscious 
and insensible until death. 
A  study  researching  modified  electrical  parameters  of  waterbath  stunning  should  record  the 
intervention applied to individual animals. The legislation states that the key parameters are minimum 
current, minimum voltage, maximum frequency, frequency of calibration of the equipment, prevention 
of electrical shocks before stunning, minimising pain at shackling, optimisation of the current flow, 
maximum  shackle  duration  before  the  waterbath,  minimum  time  of  exposure  for  each  animal, 
immersion of the birds up to the base of the wings and maximum stun-to-stick/kill interval(s) for 
frequency(ies) over 50 Hz. Studies analysing a modification of a currently permitted method need to 
describe all of the key legal parameters. Some parameters are divided into several detailed components 
- as specified in the Guidance document (EFSA AHAW Panel, 2013a) - to ensure a comprehensive 
description of the applied stunning intervention (Table 1 in the Appendix). In addition, the throughput 
rate should be specified where appropriate (e.g. field studies). 
EFSA herein presents an opinion on the study received for a scientific evaluation entitled ‘Study of 
chicken stunning using electroencephalogram’ in a manner consistent with the terms of reference 
provided by the European Commission. EFSA assessed only the stunning procedure itself and did not 
take into account any pre-stunning phases. A full assessment of the welfare implications, which would 
need to take into account both pre-stunning and stunning phases of the slaughter process, is beyond the 
scope of this mandate. 
2.  Documentation provided to EFSA 
The Commission has received information from a third country entitled ‘Study of chicken stunning 
using  electroencephalogram’  in  February  2014.  This  study
5  was sent to EFSA for a scientific 
evaluation and comprises an introduction (part 1), materials and methods (part 2) for two studies 
entitled in the document ‘study 1’ and ‘study 2’, results (part 3) for the two studies, a conclusion (part 
4), a table entitled key parameters and related specifications (part 5) and a reference Section with 
literature (part 6):  
STUDY 1 – Composed of the Sections entitled ‘Evaluations of the stun without sticking’ comprised of 
the sub-sections ‘test carried out on laboratory’, ‘test carried out on slaughterhouse’; followed by a 
Section ‘continuous evaluation of EEG of chickens during bleeding’ 
STUDY 2 – Provides details on measurement of the electric current that flows into the bird brain. 
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3.  Assessment approach 
The assessment of the submitted studies was carried out in a manner analogous to that described in the 
guidance document (EFSA AHAW Panel, 2013a). The assessment was first conducted independently 
by each working group (WG) member. The individual assessments were then discussed to reach a 
consensus on issues over which the experts had expressed different opinions. 
The assessment focuses initially on term of reference one (ToR1). Each of the three WG experts 
independently  reviewed  if  the  eligibility  criteria  set  out  in  the  guidance  for  electrical  waterbath 
stunning (EFSA AHAW Panel, 2013a) were met by the study. Since the submitted study did not meet 
the eligibility criteria, neither a full assessment of the animal welfare implications of the proposed 
alternative  stunning  intervention  (ToR2),  nor  a  systematic  review  of  the  electrical  requirements 
applicable for waterbath stunning equipment (ToR3) were undertaken. 
4.  Assessment of eligibility criteria  
4.1.  Intervention of study one 
The information provided in the submitted study was assessed following the procedure detailed in the 
EFSA guidance (EFSA AHAW Panel, 2013a). A detailed evaluation of the reported parameters in the 
submitted  study  is  presented  in Table 1  (Appendix).  The  basis for  the  conclusions  drawn  by  the 
AHAW  Panel  is  summarised  below.  Only  those  aspects  that  were  not  considered  adequate  are 
commented upon. 
Importantly, the Table presented in Section 5 of the submitted study does not specify whether the 
information provided is related to the laboratory study, the study under slaughterhouse conditions, or 
both. Nor is this Table referred to in the body of the text. As a result, it was impossible to assess the 
information  presented  in  Section  5.  Therefore,  the  assessment  below,  and  in  the  Tables  in  the 
Appendix, was restricted to information that was supported by descriptive text in the body of the 
manuscript. 
The parameters of the intervention were presented in an inconsistent and contradictory manner. It was 
not possible to unequivocally determine which intervention parameters were applied when and where 
during the study. Key parameters (see Table 4, Section 3.1.2.2 of the EFSA guidance (EFSA AHAW 
Panel, 2013a)) were not described adequately - for example, calibration of the equipment, optimisation 
of the current flow, information on the concentration and type of salt used in the waterbath (chemical 
formula), information on the cleanliness of chickens, etc. 
The electrical stunning equipment is not adequately described. For example, it is not clear whether a 
constant voltage source was used to stun broilers individually and how this minimum voltage was set 
to deliver the minimum current to birds. In the manuscript, it is mentioned (Section 2.1.1.1) that the 
electrical  parameters  were  verified  using  a  hand-held  digital  multimeter  (usually  called  ‘Galinha 
Electrônica’) made by Fluxo
® - however,  neither the manner in which this was done, nor the results of 
the measurements, are provided. 
Information provided in the submitted manuscript regarding the maximum stun-to-stick/kill interval(s) 
for frequency over 50 Hz was insufficient regarding the duration of unconsciousness. The minimum 
duration  of  unconsciousness induced by  stunning  should be longer  than the  sum  of  time  interval 
between the end of stunning and neck cutting and the time it takes for death to occur due to blood loss. 
The authors state that the same procedures were followed in the slaughterhouse as in the laboratory 
(Section 2.1.1.2). However, besides this statement, no further description was provided, making it 
impossible to assess the slaughterhouse study. Electrical poultry waterbath stunning parameters   
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4.2.  Outcome of study one 
4.2.1.  Onset of unconsciousness and insensibility 
Research studies evaluating stunning methods require well controlled experiments under laboratory 
conditions as a first step to characterise the animals’ responses (unconsciousness, absence of pain if 
the induction of unconsciousness is not immediate) using the most sensitive and specific methods 
available (e.g. behaviour, EEG, physiological response) and to establish the correlations between these 
measurements  and  non-invasive  animal-based  parameters  that  can  be  applied  in  slaughterhouses 
(EFSA AHAW Panel, 2013a). Alternative stunning methods or parameters should disrupt the neuronal 
function and, thereby, render animals unconscious and insensible. The extent of disruption caused by a 
stunning intervention, and the induction of unconsciousness and insensibility, are best demonstrated 
using EEGs and ECoGs (EFSA, 2004, 2013; EFSA AHAW Panel, 2013a,b,c). As described in the 
EFSA guidance (EFSA AHAW Panel, 2013a), it is acceptable that studies reporting interventions 
assess the onset of unconsciousness as this state is always accompanied by the onset of insensibility. 
In studies under laboratory conditions, unconsciousness and insensibility can be determined by the 
following EEG patterns: induction of a generalised epileptiform activity in the brain, which can be 
recognised from the predominance of 8-13 Hz high-amplitude EEG activity in mammals and possibly 
slightly lower frequency in poultry which should be followed by a quiescent EEG, or an immediate 
onset of a quiescent EEG, or abolition of visual or auditory evoked responses or potentials in the brain 
immediately after the stunning. 
4.2.2.  Study under controlled laboratory conditions 
The information provided in the submitted study was assessed following the procedure detailed in the 
EFSA guidance (EFSA AHAW Panel, 2013a). A detailed evaluation of the reported parameters in the 
submitted  study  is  presented  in Table 2  (Appendix).  The  basis for  the  conclusions  drawn  by  the 
AHAW  Panel  is  summarised  below.  Only  those  aspects  that  were  not  considered  adequate  are 
commented upon. 
EEG recording and analysis – The results are inconsistent with the methodology described in the 
method Section. It is stated in the method Section that the EEG signals were analysed and filtered into 
four frequency bands but data relevant to only one of the frequency (delta) band is reported in the 
results  Section,  although  no  conclusions  about  the  predominance  of  delta  bands  is  provided.  In 
addition, the implications of changes in the EEG frequency bands for the degree of unconsciousness 
are neither reported nor discussed. The occurrence of quiescent EEG with less than 10 % of the pre-
stun  EEG  total  power  following  the  epileptiform  activity  is  not  considered/demonstrated  as  an 
indicator of unconsciousness. 
EEG results - The results in Table 3 of the submitted study show that there is no loss of consciousness 
within one second which should be the case according to the guidance (EFSA AHAW Panel, 2013a). 
An  exposure  to  the  stunning  parameters  for  15  seconds  prior  to  the  onset  of  unconsciousness  is 
unacceptably long. There is no information on the absence of pain to the animals before the onset of 
unconsciousness.  Therefore,  the  intervention  does  not  fulfil  the  requirements  of  stunning,  i.e. 
induction of immediate loss of consciousness without causing avoidable pain, distress and suffering. 
Animal-based  measures  to  detect  onset  of  unconsciousness  (EFSA  AHAW  Panel,  2013a)  are 
immediate onset of tonic seizures and apnoea following electrical water bath stunning – these were not 
reported in the study. Instead, the study reports resumption of breathing as the earliest sign of recovery 
of consciousness. However, in the absence of any evidence of epileptiform activity in the brain, or 
tonic  seizures,  the  resumption  of  breathing  alone  cannot  be  used  as  an  indicator  of  a  return  to 
consciousness. This is because electro-immobilisation can also produce apnoea followed by recovery 
of  breathing  without  loss of  consciousness. Therefore,  recovery  of  breathing  on  its  own  is  not  a 
reliable indicator.  Electrical poultry waterbath stunning parameters   
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According  to  Council  Regulation  (EC)  No  1099/2009
4,  electrical  stunning  of  animals,  including 
waterbath  stunning  of  poultry,  must  induce  generalised  epileptiform  activity  in  the  EEG.  This  is 
because the occurrence of epileptiform EEG activity indicates successful induction of unconsciousness 
following electrical stunning.  
Scientific literature concerning epilepsy in humans indicates that focal or partial epilepsy involving a 
group  of  neurons,  region  of  the  brain  or  one  cerebral  hemisphere  is  not  always  associated  with 
unconsciousness  (e.g.  see  Lux  et  al.,  2002).  On  the  other  hand,  a  kind  of  generalised  epilepsy, 
involving both cerebral hemispheres, that is always associated with unconsciousness in humans is 
grand mal (e.g. ILAE, 1981). Techniques for the classification of EEG signals for identification of 
epilepsy in humans have been developed (Kulkarni, 2013), but have not been tested under electrical 
stunning situations. Nevertheless, occurrence of generalised epilepsy following electrical stunning can 
be recognised from the occurrence of highly synchronised 8 to 13 Hz electrical activity in the EEG of 
animals. However, there is some indication that a low frequency epileptiform activity occurs in poultry 
(Gregory, 1986). In any case, the epileptiform activity should always be followed by a quiescent EEG 
which is less than 10 % of the pre-stun power content (EFSA AHAW Panel, 2013a). 
4.2.2.1.  Conclusion 
The  evidence  presented  in  the  submitted  study  showed  that  the  intervention  did  not  produce 
unconsciousness without causing avoidable pain, distress and suffering.  
4.2.3.  Study under slaughterhouse conditions 
The information provided in the submitted study was assessed following the procedure detailed in the 
EFSA guidance (EFSA AHAW Panel, 2013a). A detailed evaluation of the reported parameters in the 
submitted  study  is  presented  in Table 3  (Appendix).  The  basis for  the  conclusions  drawn  by  the 
AHAW  Panel  is  summarised  below.  Only  those  aspects  that  were  not  considered  adequate  are 
commented upon. 
Only one bird at a time was monitored - this is not representative of real slaughterhouse conditions, 
under  which  several  chickens  are  stunned  in  the  waterbath  simultaneously.  Therefore,  this  study 
cannot be considered representative of commercial slaughterhouse conditions. 
Start and end of EEG measurement - No additional details are reported beyond those provided for the 
laboratory study (which were inadequate – see above).  
EEG measurement - Exposure time is not reported. The results of EEG analysis considered the drop in 
power of the 2-30 Hz band in 1 second epochs and the drop in the ratio of the power in the delta band 
compared to the other bands before and after stunning. This is not mentioned in the method Section of 
the submitted study and these EEG parameters were not evaluated in the laboratory study. 
EEG recoding and analysis - Changes in the frequency bands are not always reliably demonstrated. 
The requirement is epileptiform EEG following stunning and the parameters are not sufficient to 
achieve this in the birds. It is reported that 15 seconds application produced epileptiform EEG for 
15 seconds, but suppressed EEG did not follow.  
EEG results - Figure 7 of the submitted study is not clear regarding the number of birds used i.e. 
n = 32, whereas in the text (Section 2.1.1.2) it is stated that 30 animals were tested. Data on the 
average  duration  of  unconsciousness  presented  in  this  figure  is  not  based  on  the  duration  of 
epileptiform EEG.  
The  EEG  trace  presented  in  Figure  11  of  the  submitted  study  does  not  show  pre-stun  EEG  and 
therefore it is difficult to ascertain whether the ictal EEG is indeed epileptiform activity. Electrical poultry waterbath stunning parameters   
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Animal-based measures to detect onset of unconsciousness – As noted above, recovery of breathing on 
its own is not a reliable indicator. Further, the results presented in Figure 9 of the submitted study are 
unclear (the number of n = 71 is not clear because in the method Section 2.1.1.2 it is stated that 
30 birds were used in the commercial study under slaughterhouse conditions). 
Additional considerations - Commercial multiple bird electrical waterbath stunners contain many birds 
(e.g. 30). As birds enter a stunner supplied with a constant voltage, they form a continuously changing 
parallel electrical circuit (Sparrey et al., 1993). Under this situation, each bird will receive a current 
inversely proportional to the electrical resistance or impedance in the pathway. The effective electrical 
impedance can vary between birds, usually 1000 to 2600 Ohms in broilers and 1900 and 7000 Ohms 
in layer hens (Schütt-Abraham et al., 1987; Schütt-Abraham and Wormuth, 1991). In fact, most of the 
electrical impedance in the pathway between the electrified water bath and the earth is attributed to 
poor contact between the legs of the bird and the metal shackles. The implication of this is that tighter 
shackle-leg fittings will reduce the electrical impedance at the expense of increased suffering due to 
pain. However, as a result of the variable electrical impedance, it will be impossible to deliver to each 
bird  in  a  water  bath  stunner  the  pre-set  minimum  current  necessary  to  achieve  humane  stunning 
(Sparrey et al., 1992). 
4.2.3.1.  Conclusion 
The study carried out under slaughterhouse conditions applied the same intervention as the laboratory 
study. Therefore, it also fails to meet the eligibility criteria (EFSA AHAW Panel, 2013a). Further, 
since  only  one  bird  at  a  time  was  monitored,  this  study  cannot  be  considered  representative  of 
commercial slaughterhouse conditions. 
4.2.4.  Absence of pain, distress and suffering until the loss of consciousness and sensibility 
The information provided in the submitted study was assessed following the procedure detailed in the 
EFSA guidance (EFSA AHAW Panel, 2013a). A detailed evaluation of the reported parameters in the 
submitted  study  is  presented  in Table 4  (Appendix).  The  basis for  the  conclusions  drawn  by  the 
AHAW Panel is summarised below. Not all parameters apply because electrical stunning must induce 
immediate loss of consciousness. In the event of a prolonged application of an electric current below 
the threshold necessary to produce unconsciousness will cause pain and suffering. Only those aspects 
that were not considered adequate are commented upon. 
There is no evidence that the proposed intervention induced immediate unconsciousness. 
No description was provided, for either the laboratory or slaughterhouse studies, of how birds were 
anaesthetised when they were implanted with two electrodes positioned under the skullcap through the 
skin and skull onto the brain lobes for EEG recording as outlined buy the authors. A reference to a 
standard protocol for EEG measurement was not present. 
4.2.4.1.  Conclusion 
The results of study one showed clearly that the proposed electrical stunning parameters had to be 
applied for a minimum of 15 seconds to produce epileptiform activity in the EEG. This prolonged 
application  of  an  electric  current  through  the  whole  body  of  poultry,  while  the  animal  is  still 
conscious, would cause pain, distress and suffering until the loss of consciousness.  
4.2.5.  Duration of unconsciousness and insensibility 
Council  Regulation  (EC) No  1099/2009
4  states that  unconsciousness  and  insensibility  induced  by 
stunning should last until the moment of death. Studies in a controlled environment should determine 
the duration of unconsciousness and insensibility using EEG. Based upon the obtained results (e.g. the 
shortest time to recovery of consciousness observed minus two standard deviations), the maximal 
stun-to-stick/-kill time interval can be defined that guarantees unequivocal loss of consciousness and 
sensibility until the moment of death (EFSA, 2004). The applicability of the stun-to-stick/-kill interval Electrical poultry waterbath stunning parameters   
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should then be analysed under slaughterhouse conditions using indicators recognising recovery of 
consciousness  and  sensibility  that  correlate  with  EEGs  as  established  in  controlled  environment 
studies. It is acceptable that studies on alternative stunning parameters assess only the duration of 
unconsciousness as this will always precede the recovery of sensibility. 
In  the  submitted  study,  EEG  was  recorded  as  an  indicator  of  onset  of  unconsciousness  and  the 
resumption of rhythmic breathing was taken as an indicator of return of consciousness following 
stunning  in  the  laboratory  study  and  in  the  study  under  slaughterhouse  conditions.  The  results 
regarding the variables used to assess the duration of unconsciousness are not reported. However, 
conclusions about the duration of unconsciousness appear to be based on the occurrence of delta EEG 
activity. The minimum duration of unconsciousness was reported to be 11 seconds, which is too short 
to permit a feasible stun-to-stick interval. Further, it is also doubtful that recovery of consciousness 
could be avoided prior to neck cutting and/or during bleeding. This interpretation is also supported by 
the data concerning time to resumption of breathing (Figure 9 in the submitted study). The minimum 
time to resumption of breathing was reported to be 8 seconds following stunning. 
4.2.5.1.  Conclusion 
The submitted study clearly shows that the electrical stunning parameters failed to induce immediate 
unconsciousness in all the birds. The duration of unconsciousness achieved, even after 15 seconds of 
exposure to the electrical parameters, is not long enough to prevent recovery of consciousness before 
neck cutting or during bleeding. 
4.3.  Assessment of study two providing details on measurement of the electric current that 
flows into the bird brain 
The description of the methods for study two (Section 2.2.1) states that 11 birds were individually 
stunned and slaughtered. Electrodes were implanted in the brain of each dead bird. The relevance and 
rationale for this approach that is put forward is unsubstantiated. The current registered in the brain of 
a dead bird is irrelevant because the crucial aspect for studies such as this is to demonstrate that the 
intervention renders the birds unconscious and insensible to pain until the time of death. In addition, 
measurements made in the brain of dead animals do not give any indication of whether live birds are 
subjected to avoidable pain or suffering prior to the induction of unconsciousness by the intervention. 
Therefore, this experiment does not provide any relevant additional information. 
5.  Reporting quality 
5.1.  Assessment  of  the  reporting  quality  of  the  submitted  studies  based  on  the  selected 
parameters 
The assessed studies did not pass the eligibility assessment and, therefore, reporting quality was not 
assessed (EFSA AHAW Panel, 2013a). 
6.  Methodological quality 
6.1.  Quality assessment of the internal validity of the submitted studies 
The assessed studies did not pass the eligibility assessment and, therefore, methodological quality was 
not assessed (EFSA AHAW Panel, 2013a).  
CONCLUSIONS AND RECOMMENDATIONS 
CONCLUSIONS 
  The study does not provide enough information upon which to base an assessment of the 
scientific approach and parameters tested. Electrical poultry waterbath stunning parameters   
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  Nonetheless,  the  information  provided  was  sufficient  to  conclude  that  the  birds  were  not 
rendered immediately unconscious by the intervention. Application of a current less than that 
required to induce immediate unconsciousness causes pain, distress and suffering. The study 
failed to demonstrate absence of pain and suffering until onset of unconsciousness. 
  The minimum duration of unconsciousness was too short to ensure unconsciousness until 
death by bleeding.  
RECOMMENDATIONS 
  The  complexity  of  multiple  bird  electrical  waterbath  stunning  systems  used  in  poultry 
slaughterhouses, such as the one assessed here, are not conducive to maintaining good animal 
welfare and, therefore, alternatives should be developed/implemented. 
  Studies such as the one assessed here should consider the internationally accepted principles 
referred  to  as  the  3  Rs  (replacement,  reduction  and  refinement  according  to  Directive 
2010/63/EU
6) which recommend approaches to minimize the use of animals for experimental 
purposes in line with the Eu ropean Regulation on protection of anima ls used for scientific 
purposes. 
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APPENDIX 
Assessment of eligibility criteria  
Table 1:   Parameters assessed when applying a stunning intervention based on electrical waterbath stunning, based on Annex I of Council Regulation (EC) 
No 1099/2009
4 and on further details of requirements as determined by the EFSA guidance (corresponding to Table 4 (EFSA AHAW Panel, 2013a)).  
Parameter  Component  Description presented in study 
(all specifications should be in internationally recognised units)  
 
Information provided in Section 5 was not taken into account unless supported 
in the body of text in the submitted manuscript  
Fulfilment criterion 
(yes, no or not 
applicable) 
 
 
Minimum current  
(A or mA) 
Current type  Alternating current  Yes 
  Waveform  Square waves 50 % Duty cycle  Yes  
  Minimum 
current 
(a) 
104 ± 3,88 mA r.m.s  Yes  
Minimum voltage (V) 
 
Exposed minimum 
voltage (V) 
(a) 
125,86 ± 3,88 r.m.s   Yes  
  Delivered minimum 
voltage (V) 
(a) 
Automatic process for voltage distribution according to the whole system resistance.   No  
Frequency (Hz) 
 
Maximum frequency  
(Hz) 
590/600    Yes  
  Minimum frequency 
(Hz) 
589.78 ± 0.63  Yes   
 
Frequency of calibration of 
the equipment 
  In the manuscript, Section 2.1.1.1 it is mentioned that ‘the electrical parameters were 
verified using a hand-held digital multimeter (usually called ‘Galinha Electrônica’) 
made by Fluxo
®  
No  
 
 
Prevention of electrical 
shocks before stunning 
  None  Not applicable 
Minimising pain at 
shackling 
  None  Not applicable Electrical poultry waterbath stunning parameters   
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Table 1:  Parameters assessed when applying a stunning intervention based on electrical waterbath stunning, based on Annex I of Council Regulation (EC) 
No 1099/2009
4 and on further details of requirements as determined by the EFSA guidance (corresponding to Table 4 (EFSA AHAW Panel, 2013a)) 
(continued) 
Parameter  Component  Description presented in study 
(all specifications should be in internationally recognised units)  
 
Information provided in Section 5 was not taken into account unless supported 
in the body of text in the submitted manuscript  
Fulfilment criterion 
(yes, no or not 
applicable) 
 
 
Optimisation of the current 
flow 
 
Shackles  
Wetting the leg shackle 
contact 
Contact with earth bar 
None  No 
  Waterbath and electrode 
characteristics 
None  No 
  Water conductivity  None 
 
No 
  Electricity source 
characteristics 
None  No 
  Electrical 
resistance/impedance 
Mixed flocks – male and female, average 3.3 kg, Ross and Cobb strains  No  
Maximum shackle duration 
before stunning 
  None  No  
Minimum time of exposure 
for each bird  
  According to Table 3, exposure time varied between 1 and 15 seconds in the 
laboratory study. Only 15 seconds exposure produced epileptiform activity in all the 
birds (n = 5). 
No. 
 
 
Immersion of the birds up 
to the base of the wings 
  None  No 
Maximum stun-to-
stick/kill interval(s) for 
frequency over 50 Hz
(a, b) 
  In the method Section 2.1.2 it is stated that the birds underwent ventral cut 
10 seconds after leaving the waterbath. In the results Section it is mentioned that 
bleeding takes place within 12, 10 and 8 seconds, respectively, after stunning (text 
Section 3.1.1.2 ‘physical signs’).  
No 
 
(a):  Provide information on mean or median and range and standard deviation or interquartile range. 
(b):  In case of simple stunning. 
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Table 2:   Information provided in the laboratory study by the submitted study in relation to the onset of unconsciousness and insensibility (3.2.1 of EFSA 
guidance (EFSA AHAW Panel, 2013a)) 
Laboratory study  
 
Information provided in the submitted manuscript  Is the criterion 
described/met 
adequately? 
(yes, no or not possible 
to assess) 
Start and end of EEG 
measurement 
In the submitted study the information is provided that the EEG was recorded 80 seconds before and 80 seconds after 
stunning before sticking (Section 2.1.1.1).  
Yes 
EEG measurement  For the EEG registration, the birds were individually implanted with 2 needle electrodes 
(55 % silver, 21 % copper, 24 % zinc of 10 mm x 1.5 mm diameter) positioned under the skullcap through the skin and 
skull onto the brain lobes (0.3 cm left and right of the sagittal suture and 0.5 mm toward an imaginary transverse line at 
the caudal margin of the eyes). The electrodes were sealed using adhesive tape. 
Yes  
 
EEG recording 
analysis 
Information from last paragraph of Section 2.1.1.1: The EEG was collected at a sample frequency of 120 Hz and the 
digital signal obtained was processed using fast Fourrier transformation (FFT), implemented using the MATLAB tool 
to obtain the frequency spectrum of different stretches associated with different events on the EEG. Several successive 
artifact-free stretches were also analyzed and filtered into four frequency bands: delta (0.3-4 Hz), theta (4-8 Hz), alpha 
(8-12 Hz) and beta (12-30 Hz).  
Elliptical filters integrated onto a visual tool developed at the MATLAB® were used. In each of these frequency bands, 
the energy of the signal obtained was calculated using MATLAB® signal processing toolbox. 
Spike-and-slow-wave-complex (SASWC) (known as petite mal) and spike-or-sharp-wave (SOSW) (common to several 
different types of epilepsy) are referred in the results Section (3.1.1.1) 
No 
EEG results  In the submitted study one sample recording of epileptic EEG obtained after 15 seconds stunning is shown in Figure 5. 
The epileptic ictal stage has 12 seconds of duration. However the legend of the figure mentions 15 seconds of electrical 
exposure.  
Epileptic patterns in the EEG were detected by analyzing the spectral power density. The results show that the electrical 
parameters tested will induce epilepsy in all birds after 15 seconds of exposure to the electrical current and that the 
energy of the epilepsy generated depends on the time of exposure to the electric shock. In fact, the tested parameters 
did not cause epilepsy within 1 second in 100 % of the chickens. In fact an application of the chosen current parameters 
for up to 12 seconds failed to induce epileptiform EEG in all the birds. 
A minimum exposure time of 15 seconds is needed to result in unconsciousness – there is no evidence that the animals 
are not subjected to avoidable pain during the stun.  
No  
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Table 3:   Information provided  in the study under slaughterhouse conditions  by the submitted study in relation to the onset of unconsciousness and 
insensibility (3.2.1 of EFSA guidance (EFSA AHAW Panel, 2013a)) 
Study under 
slaughterhouse 
conditions  
 
Information provided  Is the criterion 
described/met 
adequately? 
(yes, no or not possible to 
assess) 
Start  and  end  of 
EEG measurement 
In the submitted study it is stated that the same procedure as in the laboratory was followed. 
 
No  
EEG measurement  In the submitted study it is stated that the same procedure as in the laboratory was followed. 
A separate Section of the submitted study describes the continued evaluation of the EEG of chickens during bleeding. 
No 
EEG recording 
analysis 
In the submitted study it is outlined that the EEG analysis considered the drop in power of the 2-30 Hz band in 
1 second epochs and the drop in the ratio of the power in the Delta band compared to the other bands before and after 
stunning.  
Not possible to assess 
EEG results  In the submitted study data showed an average time of unconsciousness of 32 seconds with a standard deviation of 
14 seconds. Such variation in is expected due to individual impedance variations which influence the current that the 
bird receives while immersed in the waterbath. The distribution of the time of chicken unconsciousness following 
stunning is shown in Figure 7.  
Results of continued evaluation of the EEG of chickens during bleeding show that the EEG of birds bled by a deep 
ventral cut (2T) after stunning in Figure 11.  
The EEG at the moment of the cut is also marked by epileptic forms. Following cutting, the amplitude of the EEG 
drops considerably. After 35 seconds, the bird's EEG reaches a very low amplitude value, providing evidence of 
death. 
 
In the submitted study, Figure 12 reports the distribution of time between stunning and death.  
No 
ABM to detect 
onset of 
unconsciousness 
In the submitted study resumption of rhythmic breathing as a sign of return of consciousness. A paragraph about 
physical signs of unconsciousness after stunning is reported in Figure 9.  Evidence of death through observation of 
dilated pupils, absence of breathing and relaxation of the neck and wings during bleeding was performed.  
No 
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Table 4:   Information provided by the submitted study in relation to animal based measures (ABM) associated with pain, distress and suffering during the 
induction of unconsciousness (3.2.1 of EFSA guidance (EFSA AHAW Panel, 2013a)) 
Response 
type 
Groups of ABM  Study under laboratory conditions  Study under slaughterhouse conditions  Do the ABMs suggest pain, distress 
and suffering (yes, no or not possible 
to assess, not appliable) 
Behaviour  Vocalisation  Information was not provided  Information was not provided  No 
  Postures and movements  Information was not provided  Information was not provided  No 
  General behaviour  Information was not provided  Information was not provided  No 
Physiological 
response 
Hormones concentration  Information was not provided  Information was not provided  Not applicable for electrical stunning 
interventions 
  Blood metabolites  Information was not provided  Information was not provided  Not applicable for electrical stunning 
interventions 
  Autonomic responses  Resumption of rhythmic breathing   Resumption of rhythmic breathing   In this context this ABM is not related 
to absence of pain, only an indicator 
for recovery of consciousness. 
Neurological 
response 
Brain activity  EEG was measured  EEG was measured  Not applicable for electrical stunning 
interventions   
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ABBREVIATIONS 
ABM      Animal-based measure 
AHAW Panel    EFSA Panel on Animal Health and Welfare 
EC      European Commission  
EFSA      European Food Safety Authority 
ECoG      Electrocorticogram 
EEG      Electroencephalogram 
r.m.s.      root mean square 
 